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SELF-LEARNING NOWCAST SYSTEM FOR
MODELING, RECORDING, AND
PREDICTING CONVECTIVE WEATHER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional patent application claims priority to
U.S. Provisional Patent 62/492,729, entitled “Self-Learning
Nowcasting System For Modeling, Recording, And Predict-

ing Convective Weather,” filed May 1, 2017, which 1s
incorporated by reference herein 1n 1ts entirety.

FIELD OF THE DISCLOSURE

The systems, methods, and apparatuses described herein
relate to an mtegrated weather nowcasting system designed

to assist with operational decision-making related to a
designated event or set of events.

BACKGROUND

Weather can impact the safety, efliciency, and capacity of
operations of many businesses. In some cases, weather
conditions may require that a business stop operations
altogether, leading to detrimental economic impacts on that
business, customer dissatisfaction, and other such unwel-
come consequences. Weather projection products designed
to assist with operational decision-making can be particu-
larly helpful to a business whose operations may be affected
by weather conditions. Affected businesses can similarly
benefit from decision-making support tools that include as
inputs weather projection products covering broad spatial
ranges and temporal ranges, thus facilitating both proactive
and reactive operations management and minimizing the
weather’s adverse eflects on businesses utilizing such tools.

A variety of weather projection products currently exist to
deliver to operations managers the weather information
appropriate for strategic and tactical stages of operational
decision-making. For instance, weather forecasting products
typically rely on physics-based numerical modeling of the
interactions among various physical processes in the atmo-
sphere and between land surface and the atmosphere. Such
physics-based models usually assume 1mitial and boundary
conditions for atmospheric layers and solve in the time
domain differential and partial differential fluid dynamics
equations representing such physical processes. Physics-
based models usually conduct data assimilation, which 1s a
numerical process that combines a model forecast field with
the available weather observation at the current time step;
mimmizes the difference between the forecast and such
observation; and adjusts the model forecast trajectory in
order to improve the forecast model at future time steps at
such time intervals so as to achieve optimal results of future
predicted atmospheric states, 1.e., weather forecasts.

In contrast, weather nowcasting products are generally
based on the tracking and extrapolation of weather features
observed by weather radar and satellites that, in most cases,
are persistent and continuous 1n short range time and space.
By employing eflicient image processing and statistical
techniques 1n lieu of the physics-based equations used in
weather forecasting, weather nowcasting 1s able to generate
short term weather projections, €.g., for two hours into the
future or less, and provide weather projection updates at
very high frequencies, as little as every few minutes.
Weather prediction updates at such rates are not presently
possible with weather forecasting techniques because cal-
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2

culating and processing data using physics-based modelling
1s computationally taxing and therefore too time consuming.
However, because weather forecasting techniques are phys-
ics-based, they can generate weather projections further into
the future than can weather nowcasting techniques.

As an 1llustrative example, air traflic management and
control (“ATM/C”) personnel require weather information
with varying spatial and temporal scopes throughout various
ATM/C stages—such as flight planning, takeofl sequencing,
tower control during taxiing and takeofl, terminal radar
approaching control during aircraft ascent and descent, and
en route area trathic control during cruising—to achieve and
maintain safety, operational efliciency, and air space capac-
ity 1n ATM/C.

Normally, at the strategic planning stage, e.g., more than
two hours before a scheduled flight, ATM/C decision-mak-
ing depends on weather forecasts for preparing and adjusting
flight plans. During the strategic stage, ATM/C personnel
with access to relevant weather information have the capa-
bility to manage air traflic proactively by generating re-
routing plans to circumvent weather-blocked airspace, or by
executing ground delay programs or ground stop programs
to prevent burdening the reduced airspace capacity. Strategic
ATM/C ground delay programs and ground stop programs
offer improved operational aviation safety, balanced air-
space demand and capacity, and reduced aviation fuel burn-
ng.

At the tactical stage, e.g., within two hours of a scheduled
flight, ATM/C decision-making depends on real-time
weather observation and “nowcasting,” 1.e., very short term
weather projections. During the tactical stage, ATM/C deci-
sion-making tends to be reactive and can involve such
ATM/C mechanisms as airborne holding until adverse
weather 1impact has passed, or diverting to alternative air-
ports aircraft that have encountered adverse weather and
have fuel levels that limit their airborne time.

There are various weather nowcasting products are avail-
able on the market currently. These nowcasting products
analyze weather data from consecutive weather observation
images to estimates the motion of weather system and thus
forecast 1ts position in the near future. Usually data from
single platforms are used for such motion analysis and the
forecast easily fail if there i1s significant data instability.
Meanwhile, most nowcasting product only forecast the
position of weather system through conventional extrapola-
tion technologies and assume the system intensity keep
unchanged 1n a couple of hours. In reality, weather system
such as convection could evolves rapidly within a couple of
hour, however, the conventional nowcasting technology
merely extrapolate information from weather observation
image data and cannot predict the growth and decay of storm
systems quantitatively in real-time or 1n the near-term. Thus,
a weather nowcasting product that predicts both location and
intensity evolution 1s urgently needed for weather-afiected
operations such as ATM/C.

As discussed above, there are significant disadvantages
associated with currently available weather nowcasting
products; no such currently available products equip busi-
nesses to adequately manage their operations in a safe and
ellicient manner 1n the face of weather conditions that could
otherwise undermine operational execution.

What 1s needed are systems and methods that may gen-
erate nowcasting data quantitatively showing the growth and
decay for storm systems in real-time. What is also needed
are systems and methods that may generate predictive
nowcasting data for the predicted growth and decay of storm
systems 1n a near-term timeirame. This data may be pro-
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vided to graphical user interfaces (GUIs) or other software
processes that may interpret or otherwise apply the gener-
ated nowcasting data.

SUMMARY

Disclosed herein are systems and methods mntended to
address the shortcomings in the art described above, and
may provide additional or alternative benefits as well. The
systems may generate nowcasting data quantitatively pre-
dicting the growth and decay of storm systems, both 1n
real-time and in the near-term future (e.g., 0-2 hours).

In some embodiments, a computer-implemented method
for automated modeling, recording, and predicting convec-
tive weather, the method comprises receiving, by a com-
puter, one or more weather data 1images from one or more
image data sources for one or more time step intervals;
identifying, by the computer, at a first time step a new
convection object 1n a weather data 1image based upon one
or more parameters associated with the convective object;
generating, by the computer, a new convection object data
record 1n an evolution database, the new convection object
data record associated with the new convection object;
storing, by the computer, into the new convection object data
record and one or more parameters associated with the new
convective object for each respective time step after the first
time step; generating, by the computer, a nowcast output
based upon the weather object data record received for the
one or more time step intervals of the new convective object
and based upon one or more convective object data records
for one or more convective objects, wherein the nowcast
output 1s configured to display on a graphical user interface
(GUI) a geographic map 1indicating a nowcast weather image
for a set of one or more future time step intervals; and
transmitting, by the computer, the nowcast output to one or
more user devices configured to display the nowcast output
via the GUI.

In some aspects such embodiments, the nowcast output 1s
turther based upon one or more convection object data
records stored in an evolution database.

In some aspects such embodiments, the method further
comprises 1dentifying the one or more convection object
data records in the evolution database based upon at least
one of a geographic parameter and temporal parameters,
wherein a geographic parameter indicates a geographic
location of a convection object of a data record, and wherein
a temporal parameter indicates a time of a convection object
ol a data record.

In some aspects such embodiments, wherein storing the
new convection object data record in the evolution database
turther comprises updating, by the computer, a nowcasting
algorithm configured to generate a predictive nowcast for
the set of one or more future time step intervals of the
nowcast output based upon the new convection object data
record and at least one convection object data record 1n the
evolution database.

In some aspects such embodiments, the method further
comprises receiving, by the computer, weather observation
data from one or more data sources, wherein the computer
identifies the new convective object based further upon the
weather observation data.

In some aspects such embodiments, the method further
comprises receiving, by the computer, weather observation
data from one or more data sources, wherein the computer
stores weather observation data into the new convection
object data record.
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In some aspects such embodiments, the method turther
comprising receiving, by the computer, weather observation
data from one or more data sources, wherein the computer
generates the nowcast output further based upon the weather
observation data.

In some aspects such embodiments, wherein the nowcast
output 1s at least one of a machine-readable computer file
and a machine-readable data stream.

In some aspects such embodiments, the method further
comprising storing, by the computer, into a database weather
observation data and weather image data received from one
or more data sources.

In some aspects such embodiments, the method turther
comprising converting, by the computer, the weather obser-
vation data and the weather image data from the data sources
into a format compatible with the computer.

In some aspects such embodiments, the method further
comprising storing, by the computer, into a sub-database a
subset of the weather observation data and weather 1mage
data based upon a geographic parameter indicating a geo-
graphic location associated the sub-database and the subset.

In some aspects such embodiments, wherein the computer
generates the nowcast output based upon one or more
parameters in weather observation data and weather 1image
data selected from the group comprising: object maximum
reflectivity, maximum reflectivity change rate, object area,
object area change rate, object coldest BT, coldest BT
change rate, and tlash statistics.

In some aspects such embodiments, wherein the computer
automatically calculates the parameter values for each con-
vection object record during the life span of the new
convection object.

In some aspects such embodiments, the method further
comprises searching, by the computer, the evolution data-
base to find a historical convection object matched to the
new convection object, wherein the computer generates a
predictive nowcast portion of the nowcast output, and
wherein the predictive nowcast comprises the nowcast
weather 1mage for the set of one or more future time step
intervals predicting a future motion and intensity of the new
convection object.

In some aspects such embodiments, the method turther
comprises determining an intensity changes of each pixel of
a nowcast weather 1image of the new convection object
according to a set of weather object parameters.

In some embodiments, a weather nowcasting system for
automated modeling, recording, and predicting convective
weather, the system comprises an evolution database com-
prising non-transitory machine-readable medium configured
to store one or more convection object data records; and a
processor configured to: receive one or more weather data
images from one or more 1image data sources for one or more
time step intervals; i1dentify at a first time step a new
convection object 1n a weather data 1mage based upon one
or more parameters associated with the convective object;
generate a new convection object data record 1n the evolu-
tion database, the new convection object data record asso-
ciated with the new convection object; store into the new
convection object data record and one or more parameters
associated with the new convective object for each respec-
tive time step after the first time step; generate a nowcast
output based upon the weather object data record received
for the one or more time step intervals of the new convective
object and based upon one or more convective object data
records for one or more convective objects, wherein the
nowcast output 1s configured to display on a graphical user
interface (GUI) a geographic map indicating a nowcast
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weather 1mage for a set of one or more future time step
intervals; and transmit the nowcast output to one or more
user devices configured to display the nowcast output via the
GUI.

In some aspects such embodiments, wherein the nowcast
output 1s further based upon one or more convection object
data records stored 1n an evolution database.

In some aspects such embodiments, wherein the processor
1s Turther configured to i1dentity the one or more convection
object data records in the evolution database based upon at
least one of a geographic parameter and temporal param-
cters, wherein a geographic parameter indicates a geo-
graphic location of a convection object of a data record, and
wherein a temporal parameter indicates a time ol a convec-
tion object of a data record.

In some aspects such embodiments, wherein to store the
new convection object data record in the evolution database
the processor 1s further configured to update a nowcasting,
algorithm configured to generate a predictive nowcast for
the set of one or more future time step intervals of the
nowcast output based upon the new convection object data
record and at least one convection object data record in the
evolution database.

In some aspects such embodiments, wherein the processor
1s further configured to receive weather observation data
from one or more data sources, wherein the processor
identifies the new convective object based further upon the
weather observation data.

In some aspects such embodiments, wherein the processor
1s further configured to receive weather observation data
from one or more data sources, and wherein the processor
stores the weather observation data into the new convection
object data record.

In some aspects such embodiments, wherein the processor
1s further configured to receive weather observation data
from one or more data sources, wherein the processor
generates the nowcast output further based upon the weather
observation data.

In some aspects such embodiments, wherein the nowcast
output 1s at least one ol a machine-readable computer file
and a machine-readable data stream.

In some aspects such embodiments, further comprising a
database configured to database weather observation data,
wherein the processor 1s further configured to store weather
observation data and weather image data received from one
or more data sources into the database.

In some aspects such embodiments, wherein the processor
1s Turther configured to convert the weather observation data
and the weather 1image data from the data sources to a
format compatible with the processor.

In some aspects such embodiments, further comprising
one or more sub-databases configured to subsets of data
records of the database, and wherein the processor 1s further
configured to store into a sub-database a subset of the
weather observation data and weather 1image data based
upon a geographic parameter indicating a geographic loca-
tion associated the sub-database and the subset.

In some aspects such embodiments, wherein the processor
generates the nowcast output based upon one or more
parameters 1n weather observation data and weather 1image

data selected from the group comprising: object maximum
reflectivity, maximum reflectivity change rate, object area,
object area change rate, object coldest B1, coldest BT
change rate, and flash statistics.
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In some aspects such embodiments, wherein the processor
automatically calculates the parameter values for each con-
vection object record during the life span of the new
convection object.

In some aspects such embodiments, wherein the processor
1s Turther configured to search the evolution database to find
a historical convection object matched to the new convec-
tion object, wherein the processor generates a predictive
nowcast portion of the nowcast output, and wherein the
predictive nowcast comprises the nowcast weather image for
the set of one or more future time step intervals predicting
a Tuture motion and intensity of the new convection object.

In some aspects such embodiments, wherein the processor
1s further configured to determine an intensity changes of
cach pixel of a nowcast weather image of the new convec-
tion object according to a set of weather object parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows components ol a nowcasting
according to an exemplary embodiment.

FIG. 1B shows components of a nowcasting
according to an exemplary embodiment.

FIG. 1C shows components of a nowcasting
according to an exemplary embodiment.

FIG. 1D shows components of a nowcasting
according to an exemplary embodiment.

FIG. 1E shows components of a nowcasting
according to an exemplary embodiment.

FIG. 1F shows components of a nowcasting
according to an exemplary embodiment.

FIG. 2 shows execution of a method of generating and
updating nowcasting weather data, according to an exem-
plary embodiment.

FIGS. 3A and FIG. 3B shows GUIs displaying the simul-
taneous convective observations from radar composite
reflectivity and satellite brightness temperature.

FIG. 4 shows execution of a method of managing and
updating records of nowcasting weather data 1n a database,
according to an exemplary embodiment.

FIGS. SA-35D show example GUIs displaying nowcasting
weather data for a three-hour nowcast data resulting from
the nowcasting server, according to an exemplary embodi-
ment.

system,
system,
system,

system,

system,

system,

DETAILED DESCRIPTION

Certain 1illustrative aspects of the systems, apparatuses,
and methods according to the present disclosure are
described herein 1n connection with the following descrip-
tion and the accompanying figures. These aspects are indica-
tive, however, of but a few of the various ways in which the
principles of the systems, apparatuses, and methods may be
employed, and the present disclosure 1s intended to include
all such aspects and their equivalents. Other advantages and
novel features of the present disclosure may become appar-
ent from the following detailed description when considered
in conjunction with the figures.

In the following detailed description, numerous specific
details are set forth 1n order to provide a thorough under-
standing of the present disclosure. In other instances, well
known structures, interfaces, and processes have not been
shown 1n detail in order not to unnecessarily obscure the
systems, apparatuses, and methods according to the present
disclosure. However, it will be apparent to one of ordinary
skill 1n the art that those specific details disclosed herein
need not be used to practice the systems, apparatuses, and
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methods according to the present disclosure and do not
represent a limitation on the scope thereot, except as recited
in the claims. It 1s intended that no part of this specification
be construed to eflect a disavowal of any part of the full
scope of the present disclosure. Although certain embodi-
ments of the present disclosure are described, these embodi-
ments likewise are not intended to limit the tull scope of the
systems, apparatuses, and methods according to the present
disclosure.

As used herein, the term “weather projection” comprises
“weather forecasting” and “weather nowcasting.” But where
“forecasting” or “weather forecasting™ refers to projections
of weather conditions beyond a near-term timeframe (e.g.
1-14 days), “nowcasting” or “weather nowcasting™ refers to
a projection of weather conditions usually within the near-
term of a particular time of interest (e.g., 0-2 hours).
Notwithstanding the foregoing, one having ordinary skill in
the art will understand that these temporal ranges are merely
approximations and can be varied as appropriate. In addi-
tion, one having skill in the art would appreciate that
forecasting technology generally

The present disclosure provides systems and methods for
generating nowcasting weather projection to assist 1n opera-
tional decision-making related to a designated event or set of
events, mcluding a convective object, which may be, for
example, one or more convective cells (e.g., one or more
storm systems). The present disclosure provides a way to
process weather data from various sources and 1n diverse
data formats containing varying spatial resolutions and
temporal resolutions 1n order to generate an integrated and
cohesive weather projection product such that the weather
projection product 1s continuous 1n both spatial and temporal
domains, subject to data availability, relative to a designated
event or set of events. For example, in some cases, 1t might
be desirable to apply weather projection products to assist
with air trathc management and control (“ATM/C”). In such
cases, an embodiment of the present disclosure may generate
integrated weather projection products that may assist
ATM/C personnel with strategic decisions, such as ground
delay programs and ground stop programs, and tactical
decisions, such as airborne holding or diverting aircraft to
alternative airports.

ATM/C systems, like other systems requiring near-imme-
diate and accurate nowcasting data for real-time and near-
term prediction, cannot use the numerical model of the
forecasting technology because forecasting technology takes
too long to generate the results and produces lower quality
resolution. This 1s due to the techniques deployed 1n fore-
casting technologies, which uses aecrodynamic-related mod-
els. The lower accuracy and longer turnaround time for
forecasting results 1s acceptable 1n the typical forecasting
applications: creating a general 1dea of weather several days
into the future. The nowcasting system and methods
described herein provide more immediate and more accurate
data. Generally, this 1s accomplished by processing the
image pixels of multiple types of real-time weather 1mages
(e.g., radar, satellite brightness, flash 1mages) along with
historic image data and/or other weather-related observation
data.

The systems and methods described herein may generate
real-time nowcasting weather data and near-term (e.g., 0-2
hours) predictive nowcasting weather data, which may
include convective weather nowcasting data for air traflic
management, among other applications. The numerical
modeling of forecasting technology cannot provide forecast-
ing data outputs quickly enough, with suflicient spatial/
temporal resolution and required accuracy, for many appli-
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cations, like air ftraflic management. Conventional
nowcasting technology of convective weather usually
depends on the extrapolation of radar or satellite convective
weather observations (e.g., satellite 1magery processing).
Previously, many studies have successtully explored the
estimation of storm advection (e.g., speed and direction) by
comparing the storm location in current image with that 1n
previous 1mages. However, the prediction of convective
intensity (e.g., radar retlectivity) change 1s still a challenge,
mainly because the information 1n the previous and current
observation 1mages 1s not enough to predict storm intensity
changes 1n the next few hours (e.g., 1-12 hours). In order to
get enough mformation to make a complete and quantitative
prediction of convective evolution, including both advection
and 1intensity changes, the nowcasting system described
herein comprises databases that receives and stores compre-
hensive information of convective weather across the life
span of any number of storm systems, at any number of
geographic locations. The nowcasting system may math-
ematically model the convective weather evolution of a
present storm system using currently available data and the
weather data stored in the database, and then predicts the
evolution of the current storm system and future storm
systems using a seli-learning method from the automatically
updated database.

Exemplary System Components

FIG. 1A shows components of a nowcasting system 100,
according to an exemplary embodiment. The exemplary
system 100 comprises a nowcasting server 101, a database
103, source devices 105, and a user computer 107. In
operation, the source devices 105 may collect or store
weather data that the source devices 105 transmit via one or
more networks 109 to a server 101. The server 101 may store
the inbound weather data into database 103 that the server
101 may later reference to generate nowcasting weather
data. The server 101 may provide the nowcasting weather
data to a user device 107 configured to present the nowcast-
ing weather data on a graphical user interface (GUI) that
allows a user to review, manipulate, and otherwise interact
with the underlying nowcasting weather data. In addition,
the server 101 may update the existing nowcasting weather
data stored in the database 103 to include the recently
generated nowcasting weather data generated by the server
101.

A nowcasting server 101 may generate real-time and
near-term nowcasting weather data using weather data
received from one or more data sources 105 and a database
103, and may transier the data to a user device 107. The
server 101 may be any computing device comprising non-
transitory machine-readable storage and a processor, and
capable of performing the various tasks and processes
described herein. The nowcasting server 101 may receive
weather data, such as images or other weather-related data,
from any number of real-time data sources 105, which may
be stored in records of the database 103. In some instances,
the data received from the data sources 105 may be satellite
imagery data from a satellite data source 105a; and 1n some
cases, the data may be radar 1magery data from a radar data
source 1056 or any other weather imagery data (e.g., light-
ning flash detection, rain gauge, wind speeds) from other
data sources 105. The server 101 may generate real-time
nowcasting weather data based on the data received from the
data sources 105, and the server 101 may generate near-
term, predictive, nowcasting weather data. The server 101
may provide the nowcating weather data to a user device
107, which may present the data to a user via a GUIL In
operation, the server may 101 detect the formation and
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dissipation of convection objects (e.g., storm systems) based
on the incoming data. Upon detecting the dissipation of a
convection object, the server 101 may generate new data
records for the region that the convection object occurred
and update the database 103 records for the particular region
to include the new data of the recently 1dentified convection
object.

A database 103 may store and query weather data records
according to data records and instructions recerved from the
server 101. The database 103 may be hosted on one or more
computing devices comprising a processor and non-transi-
tory machine-readable storage, and capable of performing
the various tasks and processes described herein. The
weather data records of the database 103 may comprise any
number of data fields for weather observation data and/or
image data. Each record may contain one or more geoloca-
tion data fields, such as latitude and longitude data, or other
geolocation data. The server 101 may use the geolocation
data fields to identily historic data records that match the
geolocation data of a currently tracked convection object.
When updating the database 103, the server 101 may asso-
ciate new records of a particular geolocation based on the
geolocation data fields of a recently tracked convection
object.

Data sources 105 may be any computing device capable
ol generating weather observation data and/or imagery data
and provide the data to the server 101. Traditionally, con-
vective nowcasting technology depends on either radar
observation or satellite observation. The server 101 of the
exemplary system 100 uses convective data from a plurality
ol observation data sources to generate real-time and near-
term nowcasting data. Non-limiting examples of such data
sources 105 may 1nclude satellite imagery related data 1054,
radar 1magery related data 1055, or any other device or
system that generates real-time weather observation data
105c¢.

A person having skill in the art would appreciate that the
data generated from each data source may be in generated 1n
a machine-readable format (e.g., computer files, data stream)
that may be stored 1n a non-transitory machine-readable
medium and transmitted via one or more networks 109 to
vartous computing devices, such as a server 101. For
example, a radar imagery data source 10556 may have a radar
device that generates weather-related data using radar imag-
ery, which may be digitized by one or more computing
devices into machine-readable radar imagery data using any
number of well-known 1mage conversion techniques that
convert the radar imagery to a digitized format. The radar
imagery data source 10556 may also have one or more
computing devices that, in addition to converting and/or
digitizing the radar imagery into a machine-readable digital
format, may store, and transmit the 1imagery data to receiv-
ing computing devices, such as the server 101 of the
nowcasting system 100. One having skill in the art would
appreciate that data sources 105 of any type may have one
or more computing devices that convert each particular type
of weather imagery (e.g., satellite imagery, radar imagery) or
other form of weather observation mputs (e.g., rain gauge,
wind speeds, lightening flash) into a data format that 1s
compatible with a server 101.

A user device 107 may execute software applications that
present a GUI on a screen of the user device, where the GUI
may display nowcasting weather data and allows users to
interact with the underlying nowcasting weather data. In
some cases, the software application may be associated with
and published by the nowcasting system 100; and, 1n some
cases, the software applications may be third-party software
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applications configured to exchange data with the server
101, such that the third-party soitware application 1s com-
patible with the system 100. One having skill in the art
would appreciate that the user device 107 may be any
computing device comprising a processor and non-transitory
machine-readable storage, and capable of performing the
various tasks and processes described herein. In operation,
the GUI of the user device 107 may present to a user, such
as an air trathc controller, various visualizations of weather
data, as well as air traflic information received from third-
party air traflic data. In some cases, the GUI may overlay the
variety of weather data visualizations, such as the nowcast-
ing visualizations described herein, with visualizations of
the air tratlic 1n real-time. The GUI may also receive various
inputs from the user through any number of known device
control input devices (e.g., mouse, keyboard, touchscreen)
that allow the user to manipulate the display the view on the
GUI, such as changing a zoom, re-size, resolution, portion of
image visualization (e.g., moving the visualized area dis-
played), and which data (e.g., visualized air traflic overlay;
visualized satellite 1imagery data overlay; visualized radar
imagery data overlay; visualized weather data observation
data; visualized nowcasting overlay) 1s visualized on the
GUI.

FIG. 1B 1s a block diagram showing components of a
nowcasting system 100 according to an exemplary embodi-
ment. In general, data processing for generating weather
nowcasting data may involve some or all of the following
data, operational components, and computer-executed pro-
cesses: mput of weather data to a nowcasting server 101 via
one or more networks 109 from one or more data source
devices 105; pre-processing and quality control of inputted
data by the server 101; application of weather nowcasting
algorithms and/or nowcasting models by the nowcasting
server 101 to generate a nowcast weather projection as
appropriate for the particular weather data inputs received
from the data sources 1035; execute data post-processing
routines by the server 101 that may, for example, convert
physical variables or weather observation data mputs used
for a weather projection model 1nto weather projection fields
comprising, but not limited to, turbulence and atmospheric
freezing level; results verification by the nowcasting server
101 to veniy the accuracy and reliability of each such
weather projection output against observation data, subject
to a pre-defined set of accuracy and reliability parameters
stored 1n the server 101; and integrating one or more weather
projection data fields by the server 101 to generate a
nowcasting weather projection product output, which the
server 101 may transmait to one or more user devices 107 for
presentation on GUIs. In some implementations, the now-
casting server 101 may generate the nowcasting weather
project output based upon a user-selected or otherwise
predetermined spatial range and temporal range 1n relation
to a designated event (e.g., identify convection object). One
having skill in the art would appreciate that examples of
physical vanables or weather observation data inputs may
include, but are not limited to, wind speed, temperature, and
humidity, as well as each nowcast weather projection out-
put’s radar returns.

In some implementations, the nowcasting server 101 may
preform results verification, which may involve comparing
physical variable parameters of a nowcast weather projec-
tion model, which may include weather observation data
points imncluding, but not limited to, wind, temperature, dew
point temperature, and pressure with ground-based sensor
observations measuring surface wind, temperature, dew
point, or pressure or soundings measuring atmospheric
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wind, temperature, or dew point profile from the surface to
the top of the troposphere. Results verification may also
involve comparing a weather projection model’s radar
reflectivity or echo top with radar observed reflectivity or
echo top. A system runtime monitoring routine, which may
be a computer soitware program executed by any device of
the system 100 (e.g., nowcasting server 101, user device
107), may overlay all the processing steps and monitor the
system workilow 1n real-time on the computing platform.
The device executing the system runtime monitoring rou-
tine, such as the nowcasting server 101, may automatically
generate logs and alert runtime 1ssues, which may be stored
into a non-transitory machine-readable memory off a device,
such as the nowcasting server 101, database 103, user device
107, or any other non-transitory machine-readable medium
of the system 100.

In some embodiments, the nowcasting server 101, or
other device of the system 100, may be configured to
identify and apply data management and conversion tech-
niques appropriate for processing particular weather data
inputs from disparate data source devices 103 in order for
the server 101 to ingest the data and generate nowcast
weather projection products. For example, depending on the
data format, as well as the spatial scope and temporal scope
of the data, such weather data may undergo a combination
ol weather forecasting and weather nowcasting techniques.
For instance, depending on the data format, as well as the
spatial scope and temporal scope of the data, such weather
data may undergo a combination of weather forecasting
processes, as shown in FIG. 1C, and weather nowcasting
processes, as shown n FIG. 1D.

Turning back to FIG. 1B, a nowcasting server 101 may, in
some embodiments, receive weather data mputs from data
sources 105 having weather observation data types based on
quality, spatial resolution, and temporal resolution, 1n rela-
tion to a user’s spatial range and temporal range to a
designated event or set of events, such as, but not limited to,
scheduled flights at an airport. For mstance, in some cases,
a user device 107 may configure the server 101 such that
weather data mputs do not contain data redundancy. As a
user’s spatial range and temporal range to the designated
event or set of events increases or decreases, the weather
data inputs appropriate in quality, as well as spatial and
temporal resolution, for generating weather projection prod-
ucts for such spatial range and temporal range may also
change. Accordingly, the server 101 may be configured to
adjust the weather data the system 100 may receive from
data sources 103, such that the weather data remains appro-
priate for a user’s spatial range and temporal range.

For example, the system 100 may be used i ATM/C
implementation, where data sources 105 provide to the
nowcasting server 101 weather data inputs that may include,
without limitation, all or a subset of the following: atmo-
spheric sounding observations, such as vertical atmospheric
profiles of weather variables (e.g., temperature, dew point,
pressure, wind speed); wind profiler observations; geosta-
tionary weather satellite infrared channels and polar-orbiting
(low earth orbit) weather satellite infrared and microwave
channels for atmospheric temperature profile and water
vapor estimation; ground-based Doppler weather single-
radar or multi-radar mosaic data and products; ground
observations, including routine surface automatic weather
observation stations, and other ground surface 1n situ obser-
vations ol weather variables, which may be cloud ceiling
and visibility measurements; runway visual range informa-
tion; anemometer data; Light Detection and Ranging (LI-
DAR) data; large domain numerical weather processing
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model forecast results; other national and internationally
available numerical weather prediction model outputs; data
from other specialized sensors measuring cloud ceiling,
visibility, and airport runway snow and icing accumulation;
aircraft observations; static or time varying ancillary data
that characterizes land surface and/or atmospheric lower and
upper boundaries; and analytical data products combining
model outputs with ground observations that are generated
by operational weather forecast centers.

In some embodiments, the system 100 may implement a
customized data mput strategy, depending on the existing
and evolving data infrastructure available to a server 101
and/or available to a user device 107 of the system 100. For
example, a region or nation may have a sophisticated data
infrastructure such that the heterogeneous weather data
relevant to the system 100 are stored in a centralized
database 103 that manages the updates, distribution, and
archiving of such data. As another example, as shown 1n
FIG. 1F and FIG. 1E, a region or nation may have a number
of distributed data centers having sub-servers 111 and sub-
databases 113, or a hybrid of a centralized database 103 and
a number of distributed data centers having, for example,
sub-databases 113. Thus, a server 101 and/or a sub-server
111 may be configured to recerve inputs from a centralized
database 103, distributed data sources 105, 111, 113, or a
combination of data repositories and data-generating
resources.

In some implementations, the server 101 may indepen-
dently adapt and maintain 1ts own 1nput data needs based on
its proximity to data sources 105 in question, so as to
minimize latency and maximize computational etliciency
for generating nowcast weather projection products that may
be provided to user devices 107 and assist with time-critical
operational decision-making. In such implementations,
“proximity” may refer to physical proximity, or 1t may also
refer to the speed (e.g., transfer latency) at which the
relevant weather data 1s ready for use by the nowcasting
server 101.

Turning back to FIG. 1A, in some embodiments, a system
100 may generate and serve nowcast weather projection
products through a web-based service, where data outputs
generated by a nowcasting server 101 and/or data stored 1n
a database 103 may be accessed remotely by user devices
107 through natively installed software and/or through a
browser of a user device 107. When the user device 107
accesses data outputs or otherwise stored by the system 100
via a web browser program, the system 100 may comprise
a webserver (not shown) executing webserver software that
1s configured to host a website having interactive webpages,
which may be browser-based interactive GUIs configured to
display, for example, data generated by a nowcasting server
101, such as visualizations of nowcast weather projections
for an ongoing convective object or future convective object
predictions. In this example, the weather projection products
generated by the nowcasting server 101 may be shared
among system 100 users, thereby providing a common
source ol weather situational awareness among operational
decision-makers. In such an embodiment, one or more
permissions servers (e.g., LDAP server; ACTIVE DIREC-
TORY® server) may configure which users have access to
which portions of shared information in databases 103 of the
system 100, where administrators of the system 100 may
confligure user access privileges as necessary to comply with
users’ particular management protocol and applicable IT
security policy.

As mentioned, a user device 107 may comprise a user
display that may display an interactive GUI displaying
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integrated weather projection outputs and/or related weather
data from a nowcasting server 101. In some implmentations,
a graphical display may comprise a Quick View interface,
which may include a combination of pre-saved images of
weather projection fields that may be layered as nowcasting
visualization features over a map of the geographic area of
interest, where a weather projection field may be a field of
view containing features ol weather data 1n a geographic
area. In some cases, the graphical display GUIs may
dynamically generate images for less Ifrequently viewed
weather projection fields, thereby saving device memory
space and minimizing processing time on the nowcasting
server 101 and/or database 103 by avoiding storing output
images or various data plots for many weather projection
fields at each weather projection time step. The software of
a user device 107 executed to generate a Quick View
interface may have access to both primary products and
secondary parameters that may be automatically generated
by the applied weather projection post-processing tech-

niques, or may be generated on-demand by a system user
through a web-based graphic user interface. Primary
weather outputs may comprise those weather projection
ficlds that are directly relevant to a user’s decision-making
needs, including but not limited to: composite retlectivity
and echo top data from radar, which may indicate the range
and intensity of a storm object; wind speed, which may
indicate the presence of a jet stream or wind gusts that may
aflect tlight safety; and freezing level and turbulence index,
which may aflect flight safety. Secondary parameters may
comprise weather projection fields that may require weather
expertise to interpret, including but not limited to, 500 hPa
geopotential height, mixing ratio, relative humadity, dew
point, and convective available potential energy. A Quick
View interface may allow system users to perform overlays
for multiple weather elements at different vertical levels but
may limit a system user’s options to perform advanced
analyses, queries, or other geospatial operations that may be
relatively time-consuming or require a large amount of
system processing power, such as, but not limited to and not
necessarily including, zooming in or out or overlaying a
forecast model cloud ceiling field on runway locations.

In some embodiments, a user device 107 may execute
soltware for a decision support tools module. The various
weather projection outputs of one or more weather projec-
tion modules and weather projection sub-modules may be
converted to geospatial map layers, which may be integrated
into an integrated weather projection product thereaiter. The
decision support tools module may be configured to receive
the geospatial map layers or the integrated weather projec-
tion product, as well as operational constraints relating to a
designated event or set of events. In turn, the decision
support tools module may generate outputs designed to
assist system users 1n operational strategic and tactical
decision-making with respect to the designated event or set
ol events, including but not limited to graphic displays or
web-based map services. The decision support tools module
may generate such outputs by performing geospatial calcu-
lations, including but not limited to intersecting, sub-setting,
and joming, which synthesize weather projection products
and received operational constraints. For example, such a
decision support tools module may be used for ATM/C,
wherein the weather projection products generated by the
exemplary weather projection modules and weather projec-
tion sub-modules comprising an embodiment of the system
as applied to ATM/C may be converted to geospatial map
layers and mput into a decision support tools module, either
as individual geospatial map layers or as an integrated
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weather projection product comprising an integrated set of
geospatial map layers. In this example, airspace constraints
and other relevant ATM/C operational constraints may also
be mnput mnto a decision support tools module. Such ATM/C
operational constraints may comprise static and dynamic
constraints, including but not limited to scheduled or real-
time and flight status, historical or real time air traflic
patterns, fly/no-fly thresholds, and strategic and tactical
decision scenarios. Such decision support tools module may
be configured to generate products to assist ATM/C person-
nel with strategic and tactical decision-making in relation to
scheduled flights, including but not limited to graphic dis-
plays or web-based map services.

FIG. 1E shows components of a nowcasting system 100,
according to an exemplary embodiment. In some embodi-
ments, a nowcasting system 100 may allow subscribing
entities, such as air traflic control systems of various air-
ports, to subscribe to portions of data stored 1n a database
103 of the system 100. The exemplary system 100 comprises
a nowcasting server 101, a database 103, sub-servers 111,
and sub-databases 113. The sub-servers 111 and sub-data-
bases 113 may host, etther physically onsite or through a
virtualized connection to a cloud-based server 101 and
database 103, data processes and data records most relevant
to the particular geolocation.

For example, an airport in Shanghai may subscribe to
Shanghai-specific data, an airport in Sydney may subscribe
to Sydney-specific data, and an airport 1n Paris may sub-
scribe to Paris-specific data. Administrators of the system
100 may, 1n this example, provision or otherwise generate a
Shanghai sub-server 113a and sub-database 113a, where the
sub-server 113a may execute nowcasting algorithms and
processes taillored to a predetermined geolocation-limited
area relative to Shanghai, such as a perimeter distance from
the Shanghai airport, a geographically-defined region (e.g.,
continent of Shanghai, country and nearby countries relative
to Shanghai), and/or a geographic area of responsibility of
the Shanghai airport and nearby airports. Data records of
imagery data and airports may comprise geographic indica-
tor data fields that indicate to a server 101 which database
103 data should be provided (e.g., replicated) to sub-data-
bases 113 corresponding to the particular geographic indi-
cator of the data. A Shanghai1 sub-database 113a may con-
tain, or otherwise reference, data records having geolocation
data fields within the predetermined area relative to Shang-
hai. As such, rather than reference all global records 1n a
database 103, the Shanghai sub-server 111a may quickly
access only those data records 1n the Shanghai sub-database
1134, where the data records contain data related to the
relevant geographic area according to the geographic data
field that indicates the data records are within the geoloca-
tion area of Shanghai.

In operation, a nowcasting server 101 may be configured
to generate nowcasting forecasts based on a predetermined
set of data records according to a set of algorithms and
models. In some implementations, a sub-server 113, such as
the Shanghai sub-server 113q, may also execute processes,
algorithms, and data models that are tailored to the 1diosyn-
cratic weather behaviors of the predetermined geolocation
area, such as an area within a perimeter distance relative to
Shanghai. In such implementations, the algorithms and data
models for generating nowcasting data may be provisioned
by a server 101 to a particular sub-server 111, where the
particular sub-server 111 may update or otherwise adjust the
algorithms and/or data models relative to data 1n a corre-
sponding sub-database 113. In some circumstances, as each
sub-server 111 retrains or otherwise adjusts the respective
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data models and/or algorithms over time, the algorithms
and/or data models of each sub-server 113 may drift further
apart 1n the manner each sub-server 111 generates nowcast-
ing data. A person having ordinary skill in the art would
appreciate that such algorithms may include, for example,
machine-learning algorithms that allow each server 101
and/or sub-server 111 to adjust the models and algorithms
used by the nowcasting to, for instance, generate the now-

casting data based on records from a corresponding database

103 or sub-database 113.

FIG. 1F 1s a block diagram of the weather data flow of an
exemplary system 100 as applied to ATM/C. FIG. 1F shows
examples of various weather data sources 105, the data of
which may be stored 1n a centralized database 103 and/or in
distributed public and/or private data centers having sub-
databases 113, at national, regional, and airport levels. These
distributed data centers may have sub-servers 111 configured
to operate 1n various operationally relevant locations and
may have sub-databases 113 configured to receive all or a
relevant subset of the weather data to perform weather
forecasting or weather nowcasting. The weather projection
outputs ol the distributed data centers, which may be
updated at varying time intervals, may be transferred to a
system-wide information management system, such as a
centralized database 103 and/or nowcasting server 101, to
which some or all data centers and user devices 107 of the
system 100 may have access.

In some embodiments, a nowcasting server 101 may
comprise executable software programs and/or application
programmable interfaces (APIs), which may include
weather projection modules, each of which may comprise
weather projection sub-modules, all of which are tailored to
provide weather projection outputs for certain specified
system operating parameters, such as spatial range and
temporal range in relation to a designated event (e.g.,
convection object, airplane takeoil/landing). An administra-
tor may use, for example, a user device 107 to mput and
configure the weather projection modules and weather pro-
jection sub-modules of the nowcasting server 101, to receive
weather data inputs compatible with or otherwise intended
to be used by each weather projection module or weather
projection sub-module’s specified operating parameters.

In some 1implementations, like the example shown 1n FIG.
1B, the nowcasting server 101 may execute software mod-
ules that the user may configure to apply quality control
techniques approprate to each data type, 1n accordance with
operational constraints defined a prior1 and adjust as neces-
sary based on the needs of a user. The quality control
processes applied to the weather data inputs may include,
but are not limited to, removing noise from observation data,
for example, ground clutter from weather radar observa-
tions; rejecting certain observations because they exceed the
permissible statistical thresholds predetermined according to
configurations of the server 101; applying grid statistical
interpolation to observation data to smooth out extreme
values within the data and control the level of background
observation error; and mapping the results onto weather
projection models or other grids that may be required by
other processing algorithms. In some cases, weather projec-
tion modules and weather projection sub-modules may
apply various weather data processing techniques, such as
weather forecasting, as shown FIG. 1C, and weather now-
casting, as shown in FIG. 1D, as approprnate for the specified
operating parameters 1n relation to a designated event or set
of events, so as to yield the most eflicient and effective
weather projection outputs.
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For example, a system 100 according to the present
disclosure may be used for ATM/C, wherein a weather
projection module of a server 101 or sub-server 111 may
comprise a regional weather projection module configured
to generate national and regional weather projections. In this
example, a weather projection sub-module of such regional
weather projection module may be a national forecasting
sub-module, like 1n FIG. 1C, configured to generate weather
forecasts covering national airspace up to, for example, 48
hours prior to the operational event or set of events. Such a
national forecasting sub-module may provide medium spa-
tial resolution, for example, approximately 9 km, and
weather forecasts updated approximately every 3 to 6 hours,
through which users, such as ATM/C personnel, may make
strategic operational decisions 1n relation to scheduled
flights 1n response to large-scale weather phenomena.

In this example, another weather projection sub-module
of such regional weather projection module may comprise a
regional forecasting sub-module configured to generate
weather forecasts covering both regional and national air-
space up to 24 hours prior to the operational event or set of
events. Such a regional forecasting sub-module may provide
high spatial resolution, for example, approximately 3 km or
less, and weather forecasts updated approximately every
hour, through which users, such as ATM/C personnel, may
make strategic operational decisions in relation to scheduled
tflights 1n response to short duration but high impact weather.

As another example, a server 101 or sub-server 111 may
execute a weather projection sub-module of a regional
weather projection module may comprise a regional now-
casting sub-module, like in FIG. 1D, configured to generate
weather nowcasts covering regional airspace up to 2 hours
prior to an operational event or set of events. Such a regional
nowcasting sub-module may provide high spatial resolution,
for example, approximately 3 km or less, and regional
weather nowcasts updated, for example, approximately
every 6 to 15 minutes, through which users, such as ATM/C
personnel, may make tactical operational decisions in rela-
tion to scheduled flights, such as safely separating aircraifts
and circumventing weather-impacted airspace, based on
various outputs produced by the server 101 and transmaitted
to user devices 107 for review. Such a regional nowcasting
sub-module may use aviation weather products based on
satellite observations, including visible, infrared, and water
vapor channels, to derive rain rate, thereby benefitting from
a satellite’s ability to detect cloud top brightness tempera-
ture, which 1s an indicator of the intensity of within-cloud
convection development. Such a regional nowcasting sub-
module may also implement radar-derived reflectivity sig-
nals, which may be converted into rain rate, thereby ben-
efiting from radar’s ability to detect within-cloud
convective structure, as well as the radar’s derived echo top
and maximum reflectivity, which may indicate storm inten-
sity. Additionally, such a regional nowcasting sub-module
may integrate satellite observation-derived aviation weather
projection products and weather radar mosaics, 1f available,
to achieve weather nowcasting of storm motion with the
combined advantages of using each of the types of data
sources. The combination of satellite and radar data products
to derive rain rate provide an integrated depiction of storm
motion locally observed by radar within the large scale
context ol hemispheric observations by geostationary satel-
lite.

In this example, a system according to the present dis-
closure may be used for ATM/C, wherein a server 101 or
sub-server 111 may execute a weather projection module
that comprises a local weather projection module configured
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to generate local weather nowcasts. In this example, a
weather projection sub-module of such local weather pro-
jection module may be a local nowcasting sub-module
configured to generate a weather nowcast covering, for
example, terminal radar approaching control for up to 90
minutes prior to an operational event or set of events. Such
a local nowcasting sub-module may provide high spatial
resolution, for example, approximately 2 km or less, and
severe weather nowcasts updated, for example, approxi-
mately every 5 to 10 minutes, through which users, such as
ATM/C personnel, could make tactical operational decisions
in relation to an aircrait’s ascent and landing approach,
based on the outputs from the server 101 and transmitted to
user devices 107. In some implementations, a a local now-
casting sub-module may apply nowcasting algorithms and
rely on as a data source 105 airport weather Doppler radar
data for regional areas within a 150 km radius of the relevant
location.

As another example, a server 101 or sub-server 111 may
execute a weather projection sub-module of a local weather
projection module, where the module or sub-module may
comprise a local severe weather alert sub-module configured
to generate weather nowcasts covering, for example, airport
runway and terminal areas for up to 60 minutes prior to an
operational event or set of events. Such a local severe
weather alert sub-module may provide high spatial resolu-
tion (e.g., approximately 1 km or less), and runway and
terminal severe weather alerts may be updated, for example,
approximately every 1 to 5 minutes to support the air traflic
control tower for takeoil and landing. Such a local severe
weather alert sub-module may focus on weather related
hazards that aflect tlight takeofl and landing safety, includ-
ing: low cloud ceiling; low visibility at or near runways due
to fog or heavy precipitation (e.g., snow, rainfall); wind
gusts (e.g., strong cross-winds on runways); low level wind
shear, such as wind measurements relatively close to or
otherwise related to 1identified strong convection or
microbursts near runways; heavy snow accumulation on
runways; and runway icing. In some implementations, a
local severe weather alert sub-module of a server 101 or
sub-server 111 may integrate or otherwise receive data from
multiple data sources 105 that are dense and specialized

sensor networks around runways and in the vicimity of

airports. A server 101 may apply nowcasting algorithms, and
generate rapid, real-time, or near real-time, updated alerts
for the area on and around airport runways.

For the avoidance of doubt, one having ordinary skill in
the art will understand that the time and distance 1ntervals set
out in the foregoing examples are merely exemplary, and
may be adjusted as appropriate for the intended application.

In some embodiments, a server 100 or sub-server 111 may
be configured to execute weather projection modules and
weather projection sub-modules for different geographic
regions, configured to generate weather projection outputs
for their respective received system operating parameters
(e.g., geography), and apply weather nowcasting, and tech-
niques that generate weather data outputs that are compat-
ible with other software modules of the system 100, such as
weather forecasting modules. The weather projection out-
puts generated by each weather projection module or
weather projection sub-module for the recerved system
operating parameters may be integrated into one integrated
weather projection output comprising all, or a subset of, the
weather projection outputs generated by the set of modules
and sub-modules of the integrated weather projection now-
casting system 100. Multiple devices of the system 100,
such as nowcasting servers 101 and sub-servers 111, may
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execute parallel computing functions, where an administra-
tive computing device (not shown) may executed software
programs that facilitate resource-sharing among various
weather projection modules and weather projection sub-
modules, including but not limited to the sharing of software
code libraries; parallel computing methodology; ancillary
data (e.g., land surface classification) from a third-party data
source 105; common data quality control procedures for data
quality control APIs; and calculated and converted geospa-
tial map layers, thereby enhancing the consistency and
elliciency of such weather projection modules’ and weather
projection sub-modules’ performance and products.

Weather projection outputs generated by weather projec-
tion modules and weather projection sub-modules of a
server 101 or sub-server 111 may be vary according to
settings and configurations of the software modules. For
instance, the software modules may be configured to gen-
crate weather projection outputs having higher resolution
and smaller scale based on received system operating
parameters (e.g., mstruction settings) from a user device
107. Likewise, operating parameters from the user device
107 may configure the weather projection modules or
weather projection sub-modules to generate weather projec-
tions of coarser resolution and larger scale. In some 1mple-
mentations, the server 101 may embed weather projection
outputs having higher resolution and a smaller scale within
weather projection outputs having coarser resolution and
larger scale. Such an embedding structure of a file or data
stream of the weather projection output may enable user
device 107 users to view local weather projection outputs 1n
context of a larger scale weather situation.

In some implementations, various modules and sub-mod-
ules mentioned herein may be configured to exchange data
with one another, such that servers 101 and sub-servers 111
may 1nteract, collaborate, or otherwise share data. For
example, the exemplary regional weather projection module
and local weather projection module, including the various
exemplary sub-modules therein—e.g., a national forecasting
sub-module; the regional {forecasting sub-module; the
regional nowcasting sub-module; the local nowcasting sub-
module; and a local severe weather alert nowcasting sub-
module—may interface with each other so as to create an
integrated weather projection nowcasting system 100 com-
prising a collection of devices that collectively produce an
integrated weather projection output that 1s continuous
within the temporal domain and spatial domain covered by
the exemplary weather projection modules and weather
projection sub-modules, subject to data availability. As an
example, the national forecasting sub-module, the regional
forecasting sub-module, the regional nowcasting sub-mod-
ule may be embedded within the regional weather projection
module. Similarly, the local nowcasting sub-module and the
local severe weather alert nowcasting sub-module may be
embedded within the local weather projection module. Addi-
tionally, the local weather projection module may be embed-
ded in the local nowcasting sub-module, which may be
embedded in the regional nowcasting sub-module, which
may be embedded in the regional forecasting sub-module,
which may be embedded in the national forecasting sub-
module.

In some embodiments, the exemplary weather projection
modules, including some or all of the weather projection
sub-modules therein, may be 1nstalled in various data center
locations that are relevant to a designated event or set of
events. Soltware installation at various servers 101 and
sub-servers 111 may include weather projection modules
and weather projection sub-modules appropriate for a user’s
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predetermined spatial range and temporal range 1n relation
to the designated event or set of events. A user device 107
may configure installed weather projection module or
weather projection sub-modules such that a particular soft-
ware module has adequate access to predetermined weather
data records that the software module or sub-module may
typically process. In some embodiments, computational
workload for one or more sub-servers 111 (e.g., weather
projection modules, weather projection sub-modules) may
be distributed among one or more sub-servers 111 (e.g.,
weather projection modules, weather projection sub-mod-
ules). In some cases, workload load-balancing may depend
on a sub-server 111 access to various weather data inputs
from various sources 105 and/or data records of the database
103 or sub-database 113. For example, rather than executing
comparatively heavy computational workload at a local
sub-server 111a, the resulting weather projection outputs—
which may have much smaller data volume than the
inputs—may be assembled at a comparatively more power-
tul server 101 designed to have enough storage and band-
width to serve system users through an mternet connection.

One having skill in the art would appreciate that servers
101 and sub-servers 111 of the system 100, once each local
weather projection module or weather projection sub-mod-
ule 1s installed and configured, the servers 101 and sub-
servers 111 may be connected to an IT infrastructure of the
system 100 to access one or more networks 109. Users at
various the locations (e.g., airports, data center) may gain
system-wide data access to view outputs of other weather
projection modules and weather projection sub-modules
installed and configured at other locations, or a subset
thereol, connected to the system network 109. As a result,
such an embodiment of the system 100 may provide a
common operating picture for users and enhance each user’s
real-time weather situational awareness. When generating,
integrated weather projection nowcasting outputs, nowcast-
ing servers 101 and sub-servers 111 may generate weather
information containing spatial and temporal continuity, sub-
ject to data availability, under a common software architec-
ture that optimizes soltware code efliciency and maintains
consistency and cohesiveness among every service function
and any variations therein. Participation in and access to
such an integrated weather projection outputs may be avail-
able to all users of an embodiment of the present disclosure,
or only to users within a specific subset of users, or any
combination thereof, depending on configuration inputs
from a user device 107 of an administrative user.

Exemplary Methods of Execution

As described herein, computer-implemented software
components may provide for predicting evolution of a
convective weather object to include 1ts future development.
A device of the system, such as a nowcasting server, may
query database records of current and/or historical weather
data of a target convective weather object. The system may
perform evolution process recording of the convective
object instances, and execute various machine-learning,
modeling, and predictive algorithms to determine data
related to and indicating ongoing and future convective
object evolution.

Generally, to achueve a reliable prediction of convective
evolution within, for example, the next 1-3 hours, the
nowcasting system may {irst collect and blend convective
weather observation data from multiple data source plat-
forms (e.g., ground radar, satellite, flash sensor, in situ
observation, model prediction) to generate comprehensive
information (e.g., radar retlectivity, object size, cloud top
temperature, trend, tlash statistics, etc.) about one or more
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weather convective objects. The nowcasting system may
track the convective objects within their lifespan, from
initialization to dissipation, by recording the various con-
vective data parameters during the lifespan of a convective
object into one or more data records ol a convective evo-
lution database. The nowcasting system may reference the
database records containing present and/or historical infor-
mation ol an ongoing target convective object by executing
one or more machine learning algorithm to “learn” from the
data 1n a convective evolution database. The nowcasting
system may then execute predictive algorithm to predict the
most likely future evolution characteristics (e.g., speed,
intensity, movement) for an ongoing target convection
object.

FIG. 2 shows execution of a method 200 of generating
and updating nowcasting weather data, according to an
exemplary embodiment. It should be appreciated that each
of the execution steps described herein may be executed by
one or more computing devices, such as a server or sub-
server of a nowcasting system. The exemplary method 200
may comprise steps 201, 203, 205, 207, 209, and 211.
However, one having skill in the art would appreciate that
some embodiments may comprise additional or alternative
steps, or may omit one or more steps altogether and still fall
within the scope of this description.

In a first step 201, a nowcasting server may perform data
collection and parameter calculation. The observation data
from different data sources may be received by the now-
casting server, where the observation data retlects various
different physics data of Farth’s convective process (i.e.,
weather data). Data platforms may function as data sources
for the nowcasting system, and may generate, convert, and
transmit the weather data into a digitized format compatible
with the nowcasting system. The weather data may be then
be stored mto data records of a database of the nowcasting
system. For example, satellite brightness temperature (B'T)
measurements at infrared bands depend on cloud-top height
and a rapid decrease of satellite BT measurements and may
indicate to the server mmitialization of convective process
(1.e., a storm system). Radar reflectivity measurements
mainly depend on the size of rain drops and represent
convective mtensity in 3D space. The presence of “flash™ 1n
lightning 1mages generally means the happening of strong
thunderstorm. In-situ rainfall measurements may indicate to
the server the amount of rain that reaches ground. This
weather observation data may be digitized or otherwise
converted to a compatible format by the data platform server
or by a server of the nowcasting.

Weather observation data received by a server of the
nowcasting system from each available convective obser-
vation data source may provide the comprehensive infor-
mation of past convective istances (e.g., previous weather
events), allowing the server to generate data indicating the
evolution prediction of ongoing convective instances. Dii-
ferent observation data sources usually generate data indi-
cating different weather data coverages, resolutions, and
convective 1nstance strengthens or weaknesses, so using
comprehensive observation data from multiple data source
may increase the spatial coverage and reliability of convec-
tive observation data generated by the server. As mentioned,
in some implementations, a server of the nowcasting system
may receive three-dimensional reflectivity data from radar
data sources, BT data from geostationary satellite image data
sources, and flash statistical data from station network data
sources. One having skill in the art would appreciate that
additional or alternatively types of observation data may be
included from additional or alternative data sources.
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The server may calculate the important parameters for
convective objects using the collected weather observation
data, which may include object maximum reflectivity, maxi-
mum reflectivity change rate, object area, object area change
rate, object coldest BT, coldest BT change rate, and flash
statistics.

Turning to FIG. 3A and FIG. 3B show GUIs displaying
simultaneous convective observations from radar composite
reflectivity and satellite brightness temperature respectively,
where such data 1s received from various data platforms
(e.g., radar imagery data source, satellite data source). More
specifically, FIG. 3A shows a radar GUI 300a displaying
real-time observed weather data, according to an exemplary
embodiment, where the radar GUI 300a shows the process
ol convective object tracking and recording based on radar
reflectivity data received from a related data source. FIG. 3B
shows a satellite GUI 3005 displaying real-time observed
weather data, according to an exemplary embodiment,
where the satellite GUI 30056 shows the process of convec-
tive object tracking and recording based on satellite bright-
ness temperature data received from a related data source.

Turning back to FIG. 2, 1n a next step 203, the nowcasting,
server perform object tracking and data recording. The
nowcasting server may use the parameters of the currently
provided observation weather data to track a convective
weather object. In operation, the nowcasting server may
identily convective objects 1n satellite BT and radar retlec-
tivity 1mages, based upon predetermined parameters and
thresholds that indicate to the server, and the server may
extrapolate, the mitialization or dissipation of a convective
object. The nowcasting server may continue to receive
and/or generate ongoing weather observation data for a
convective object from a time when the server detects
initialization of the convective object to a time when the
server detects dissipation of the convective object, thereby
allowing the server to “track” a storm system from 1nitial-
ization to dissipation. As an example, for cloud BT image,
a convective object 1s defined by the server grouping con-
nected pixels that have BT colder than a BT threshold
parameter. As another example, for radar reflectivity image,
a convective object 1s defined by the server by grouping
connected pixels that indicate reflectivity larger than a
reflectivity threshold. In some implementations, the thresh-
old values are configurable with user’s preferences, thereby
allowing the user to tailor the sensitivity of what the server
determines 1s, for example, 1mtialization or dissipation of a
convective object. Upon 1identifying 1nitialization of one or
more convective object based upon parameter values in the
image data, the nowcasting server may assign the convective
object 1n the 1image a unique number 1n a database record of
the ongoing convective object, and related weather data
from the various data sources may be stored into database
records associated with the unique identifier value of the
convective object.

As mentioned, the nowcasting server may store into a
database weather data and/or 1image data for a convective
object 1dentified 1n one or more 1mages. In some embodi-
ments, a nowcasting server may generate a convective object
time series from one or more database records associated
with a convective object that has been 1dentified 1n each of
a number of 1mages over time. The time series generated by
the server may contain the same convective object at dif-
ferent time steps; where the server may “push” overlapping
convective objects into a machine-readable format or file
containing a object stack of 1images. For example, during a
convective mitialization stage, when, for example, the radar
reflectivity may be less than but close to a parameter
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threshold, convective objects that the server may have
identified 1n a cloud BT image are pushed by the server into
a time series stack first. Once convective objects show on a
next radar reflectivity image, the 1mages may be pushed into
the stack 1 addition to, or as replacement to, the existing
images 1n the ongoing time series stack of 1mages. It the
server cannot 1dentily a convective object time series 1n the
stack 1n a successive object of a most recent weather
observation 1mage (e.g., radar reflectivity image), then the
convective object time series ends and the server may
discard a file 1identifying or containing the time series stack
of 1mages. The server may then record the weather obser-
vation data associated with the convective object’s time
series of 1mages or other observation data from various
additional input sources.

In a next step 205, the nowcasting server may determine
whether a target convection object has ended (e.g., the
convection object has dissipated) according to 1image data,
and any other weather data input. As an example, when the
nowcasting server 1s tracking an ongoing target convection
object (e.g., receiving weather observation data and/or
image data for the convection object) that the nowcasting
server has i1dentified as mnitialized, the nowcasting server
may at some time step determine that the target convection
object has or 1s dissipating. Similar to detecting 1nitialization
ol a convection object, the nowcasting server may determine
that the 1image data and/or other weather observation data
inputs have values that exceed or satisty thresholds suggest-
ing or indicating the convection object has dissipated or 1s
about to dissipate.

In a next step 207, the nowcasting server may store the
convective parameter values that were identified from the
images and any other data source input data while generat-
ing the time series. These images and values may be stored
into one or more databases, such as a convective evolution
database, where the data and images may be stored 1n one or
more database records, and the data may be associated with
a unique i1dentifier for the targeted convective object. Data
points for evolution processes (e.g., data points from 1mages
and/or weather observation data iputs indicating convec-
tive object behavior) of one or more convective objects may
be stored 1nto database records of, for example, a convective
evolution database.

In a next step 211, the nowcasting server may reference
evolution process data points in database records of historic
and/or current convective objects to generate a convective
evolution prediction when the nowcasting server 1dentifies
and tracks future or ongoing target convective objects (e.g.,
generates real-time or near-term data).

If, when determining whether a target instance of a
convective object time series from FIG. 3 has ended in step
203, the server has detected that the convective object has
not dissipated, and 1s thus ongoing, in a next step 209, the
server may search and learn one or more databases to
generate and predict upcoming evolution of a convective
object. The nowcasting server may predict the upcoming,
near-term evolution over the next, for example, three hours
by using the existing observation data in the convective
evolution database. The nowcasting server may first use the
parameters of the ongoing target instance to select a database
instance of a closest convective time series 1n the convective
evolution database. Then, the nowcasting server uses the
selected database instances to predict the object area and
object maximum reflectivity for the ongoing target instance
in the next three hours. Finally, the reflectivity changes at
different predicted future time steps generated by the server
are calculated for every pixel in the target instance using the
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predicted changes of object area and object maximum
reflectivity. The method 200 may continue to a next step 211
to generate a convective evolution prediction.

FIG. 4 shows execution of a method 400 of managing and
updating records of nowcasting weather data in a database,
according to an exemplary embodiment. It should be appre-
ciated that each of the execution steps described herein may
be executed by a server or sub-server of a nowcasting
system. The exemplary method 400 may comprise steps
401, 403, 405, 407, 409, 411, 413, 415, 417, and 413.
However, one having skill in the art would appreciate that
some embodiments may comprise additional or alternative
steps, or may omit one or more steps altogether and still fall
within the scope of this description.

The nowcasting server may i1dentily a new convection
observation image. In some 1mplementations, each convec-
tion observation 1image 1n a time series the server 1s gener-
ating for a convection object. Database records for each
observation 1image may be associated with a unique 1dent-
fier for the convection object. A database record may also
contain an 1dentifier for the image according to, for example,
a time step (n). The database records for the time series of
the convection object may indicate a total number of con-
vection objects (M).

A) Instance Searching

The nowcasting server may directly query data records of
the objects based on a unique 1dentifier value associated with
a particular object, or the nowcasting server may loop
through each of the objects.

The nowcasting server may calculate the distance
between a target instance of a database 1nstances of convec-
tive objects for the given area, which may be stored 1n a
database or a sub-database and may be based on latitude and
longitude data of the target instance and other database
instances. Based on this calculation, the server may search
the convective evolution database and find the database
instances that are close to an ongoing target mstance. One
having skill 1n the art would appreciate that any number of
geographic or location data points for convective objects
may be used to determine distances between historic or
ongoing convective objects, and/or determine distances
between locations of a particular target convection object for
successive time steps 1n the time series of data for the target
convection object instance.

In a determination step, the server searches for determines
whether 1t has identified corresponding convective object
time series. A target convective instance C, consists of object
time series {c,l._,”} and a database instance C, is consists
of object time series {c_,|._,”}, where m and n are time step
numbers: n 1s the step number at present for an ongoing,
convective object mstance, and m 1s the last step number
during a lifespan for a database instance of a convective
object. If the length (e.g., number of time steps) of a
database instance C, (m) 1s less than the length of the
ongoing target 1nstance C, (n), then the server determines
that the instances are not correspondmg to a time series, as
the prior 1nstance C , 1s not a useful mstance for the predic-
tion of the future of the ongoing target instance C, and the
distance 1s considered as infinitely large. Othemlse, the
nowcasting server calculates the Mahalanobis distance
between the instances, according to, for example, equation

(D).

i, XV (F xS (%X Equation 1;

— —>
Where X, 1s the observation vector for C, and X 1s the
observation vector for the prior database instance C . One
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having skill in the art would appreciate that there are several
ways and parameter inputs that the server may use to define
an observation vector for the convective instances. In the
exemplary method 400, an observation vector may include,
for example, maximum reflectivity at time step n, object area
at time step n, object coldest BT at time step n, object area
change rate at time step n, and object coldest BT change rate
at time step n.

There are diferent ways to select the closest database
instances for the prediction of target imnstance’s future. In the
exemplary method 400, the distances between the target
instance C, and every database imstance are calculated and
find the closest distance d_. . Then all database instances
that are within 2*d_. are selected to predict the object
maximum reflectivity and object area of target instance for
the next 3 hours.

When a corresponding series 1s 1dentified by the nowcast-
ing server, the nowcasting server may include the current
object time series for a database record of an target object.
When a corresponding series 1s not identified by the now-
casting server, the nowcasting server may generate a new
database record for a new time series that 1s associated with
the target object.

B) Prediction of Object Maximum Retlectivity and Object
Area

To predict the future object maximum reflectivity and
object area for the ongoing target instance, inverse distance
weighted average 1s applied to the M-selected database
instance and calculate the change of object maximum retlec-
tivity and object area. Equation (2) and equation (3) show
how the server calculates the predicted changes of object
maximum reflectivity and object area some number (1) of
time steps later for the ongoing target instance.

M Equation 2

r—tn—l—i M
2.
d
=1
Where r_t, . 1s the predicted ratio between the convection

object area at time step n+1 (1 step later) and the object area
at current time step n (present time step) for the target
instance; d, is the distance of the jth database instance to the
target mstance r_d, ., 1s the ratio between the object area at

time step n+i (1 step later) and the object area at current time
step n (present time step) for the jth database instance.

M Equation 3

M
|
27
i=1
Where AZmax t

_t__.1s the predicted difference between the
object maximum retlectivity at time step n+1 (1 step later)
and the object maximum reflectivity at time step n (present)
tor the target instance; d, 1s the distance ot the jth database
instance to the target instance; AZmax_d. . . 1s the difference

— 1+

between the object maximum reflectivity at time step n+1 (1
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steps later) and the object maximum retlectivity at time step
n (present) for the jth database instance.
C) Calculation of Reflectivity Change for Every Pixel
A linear model, as shown 1n equation (4), 1s used by the
server to estimate the reflectivity change 1 steps later for
every pixel in the target instance and 1ts surrounding area.

AZ t . = Equation 4

n+i

7 7t
_ AZmin, i

AZmax . —(AZma |
i ~ et )Zma}{_Tn — Zmin_t,

+i

Where AZ_t__. 1s the predicted retlectivity change 1 steps

later of a pixel with reflectivity value 7_t  at present;
AZmax_t . 1s the estimated change of object maximum

— P17

reflectivity Zmax_t_, at 1 steps later from equation (3);
AZmin, 1s the estimated retlectivity change 1 steps later for

pixels with a low-bound reflectivity Zmin_t_. The low-
bound reflectivity 1s a retlectivity value which needs to be
changed to the threshold value (Zthreshold) of the convec-
tive object based on the predicted change of object area from
equation (2). In other words, r_t . from equation (2) 1s
converted to retlectivity value Zmin_t, where AZmin, =
Zmin_t —Zthreshold . To get Zmin_t fromr_t ., the server
may, though not necessarily, first calculate the cumulative
distribution function (CDF) of the reflectivity values for
present object of the target instance and 1ts surrounded area,

F(x)=P(Z>Xx) Equation 3:

The present object area (at time step n) of the target
convective instance 1s A_t =F _(Zthreshold)*N,__ *R, where
N. . . 1s a total pixel number of the present object and its
surrounding area, and R 1s the resolution area. Given a
predicted object area, determined by the server at A_t *r_
t .., 1 steps later, the CDF value at Zthreshold some 1 steps

Fi412

later, F_(Zthreshold), should be

At xr_

tn—l—i

N total * R

Theretore, the low-bound reflectivity value for present target
object should be,

Equation 6

- Arn i
Zmin 3, = x| {Fz(x) = |

Nmm.-f + K

With the Zmin_t, from equation (6), AZmin, =Zmin_t _—
Zthreshold, AZmax_t __. from equation (3), and the known
Zmax_t , the retlectivity changes 1 steps later can estimated
with equation (4) for every pixel 1n the present object of the
target instance and its surrounded area.

FIGS. 5A-5D show example GUIs displaying nowcasting
weather data for a three-hour nowcast data resulting from
the nowcasting server, according to an exemplary embodi-
ment. More specifically, FIG. 5A shows a GUI displaying
current nowcasting observation data. FIG. 5B shows a
one-hour nowcast prediction display, FIG. 5C shows a
two-hour nowcast prediction display, and FIG. 5D shows
three-hour nowcast predication display. The GUIs show
every pixel has its own reflectivity changes in the next
zero-to-three hours. The nowcasting server may compare the

observation 1mage data and stored data from the database to
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generate prediction data to determine similar trends of
reflectivity changes based on historic convective instances in
the 1mage stack.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
steps and/or actions may be interchanged with each other
without departing from the scope of the present disclosure.
In other words, unless a specific order of steps or actions 1s
required for proper operation of the embodiment, the order
and/or use of specific steps and/or actions may be modified
without departing from the scope of the present disclosure.

The disclosure 1s also directed to computer program
products comprising software stored on any computer use-
able medium. Such software, when executed 1n one or more
data processing device, causes a data processing device(s) to
operate as described herein. Embodiments of the disclosure
employ any computer useable or readable medium, known
now or developed in the future. Examples of computer
useable mediums include, but are not limited to, primary
storage devices (e.g., any type of random access memory),
secondary storage devices (e.g., hard drives, SSDs, floppy
disks, tapes, magnetic storage devices, optical storage
devices, microelectromechanical systems, nanotechnologi-
cal storage device, Flash, etc.) and communication mediums
(e.g., wired and wireless communications networks, local
area networks, wide area networks, intranets, etc.).

It 1s to be understood that the various embodiments
disclosed herein are not mutually exclusive and that a
particular implementation may i1nclude features or capabili-
ties of multiple embodiments discussed herein.

While the present disclosure refers to packets and/or fields
within packets by certain specific names, it 1s to be under-
stood that these names are not intended to limit the scope of
the mvention 1n any way and that any name or designator
may be given to packets and/or fields described herein as
long as 1t performs the function and/or serves the purpose
described herein. It 1s also to be understood that the inven-
tion 1s not limited to any particular structure and/or organi-
zation of packets and/or fields therein.

While specific embodiments and applications of the pres-
ent invention have been illustrated and described, 1t 1s to be
understood that the mvention 1s not limited to the precise
configuration and components disclosed herein. The terms,
descriptions and figures used herein are set forth by way of
illustration only and are not meant as limitations. Various
modifications, changes and variations which will be appar-
ent to those skilled in the art may be made 1n the arrange-
ment, operation and details of the apparatuses, methods and
systems of the present invention disclosed herein without
departing from the spirit and scope of the invention. By way
of non-limiting example, 1t will be understood that the block
diagrams included herein are intended to show a selected
subset of the components of each apparatus and system, and
cach pictured apparatus and system may include other
components which are not shown on the drawings. Addi-
tionally, those with ordinary skill in the art will recognize
that certain steps and functionalities described herein may be
omitted or re-ordered without detracting from the scope or
performance of the embodiments described herein.

The various 1llustrative logical blocks, modules, circuits
and algorithm steps described 1n connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer soitware or combinations of both.
To illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits and steps have been described above generally 1n terms
of their functionality. Whether such functionality 1s imple-
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mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. The described functionality may be implemented 1n
varying ways for each particular application—such as by
using any combination of MCUs, MPUs, FPGAs, ASICs
and/or System on a Chip (SoC), but such implementation
decisions should not be interpreted as causing a departure
from the scope of the present invention.

The steps of a method or algorithm described in connec-
tion with the embodiments disclosed herein may be embod-
ied directly in hardware, in a software module executed by
a processor or 1 a combination of the two. A software
module may reside m RAM, flash memory, read-only
memory, EPROM memory, EEPROM memory, registers,
hard disk, a removable disk, a CD-ROM or any other form
ol storage medium known in the art.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
steps and/or actions may be interchanged with one another
without departing from the scope of the present invention. In
other words, unless a specific order of steps or actions 1s
required for proper operation of the embodiment, the order
and/or use of specific steps and/or actions may be modified
without departing from the scope of the present invention.

What 1s claimed 1s:
1. A computer-implemented method for automated mod-
cling, recording, and predicting convective weather, the
method comprising:
receiving, by a computer from one or more image data
sources, one or more weather data digital pixel images
for a set of time step 1ntervals, the one or more weather
data digital pixel images including at least a first
weather data digital pixel image for a first time step
interval;
identifying, by the computer, an ongoing convective
object 1n the first weather data digital pixel image based
on the presence of one or more predetermined param-
cters that indicate the presence of a convective object;

generating, by the computer, a convective object data
record for the ongoing convective object, the convec-
tive object data record including one or more param-
cters associated with the ongoing convective object at
the first time step interval and at one or more time step
intervals after the first time step interval;

storing, by the computer, the convective object data

record 1n a convective evolution database;

generating, by the computer, a nowcast output for the

ongoing convective object based on (1) the convective
object data record for the ongoing convective object
and (11) one or more convective object data records for
one or more past convective objects, wherein the now-
cast output 1s generated at least 1n part using a machine-
learning nowcasting algorithm configured to generate a
predictive nowcast of an ongoing convective object
based on convective object data records for the ongoing
convective object and one or more past convective
objects; and

transmitting, by the computer, the nowcast output to one

or more user devices configured to display the nowcast
output, wherein when displayed on the one or more
user devices via a graphical user interface, the nowcast
output includes a geographic map indicating a nowcast
weather 1mage of the ongoing convective object at a set
of future time step intervals.

2. The method of claim 1, wherein the one or more
convective object data records for one or more past convec-
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tive objects comprise one or more convective object data
records stored 1n the convective evolution database.

3. The method of claim 2, further comprising selecting the
one or more convective object data records for one or more
past convective objects from the convective evolution data-
base based on at least a geographic parameter or a temporal
parameter of the ongoing convective object, wherein the
geographic parameter indicates a geographic location of the
ongoing convective object and the temporal parameter 1ndi-
cates a time of the ongoing convective object.

4. The method of claim 1, wherein storing the convective
object data record in the convective evolution database
further comprises:

updating, by the computer, the machine-learning now-

casting algorithm based on the convective object data
record and at least one convective object data record 1n
the convective evolution database.

5. The method of claim 1, further comprising receiving,
by the computer, weather observation data from one or more
data sources, wherein the ongoing convective object 1s
identified based further on the weather observation data.

6. The method of claim 1, further comprising;:

recerving, by the computer, weather observation data

related to the ongoing convective object from one or
more data sources; and

storing, by the computer, the weather observation data in

the convective object data record.
7. The method of claim 1, further comprising receiving,
by the computer, weather observation data from one or more
data sources, wherein the nowcast output further 1s gener-
ated based further on the weather observation data.
8. The method of claim 1, wherein the nowcast output 1s
at least one of a machine-readable computer file and a
machine-readable data stream.
9. The method of claim 1, further comprising:
recerving, by the computer from one or more data sources,
weather observation data and weather 1mage data; and

storing, by the computer 1n a database, the weather
observation data and the weather image data received
from the one or more data sources.

10. The method of claim 9, further comprising converting,
by the computer, the weather observation data and the
weather 1mage data received from the one or more data
sources 1nto a format compatible with the computer.

11. The method of claim 9, further comprising storing, by
the computer, a subset of the weather observation data and
the weather 1image data 1n a sub-database based on a geo-
graphic parameter of the subset indicating a geographic
location associated with the sub-database and the subset.

12. The method of claim 1, wherein the nowcast output 1s
generated based on one or more parameters 1 weather
observation data and/or weather 1image data receirved from
one or more data sources, the one or more parameters
selected from the group comprising;

object maximum reflectivity, maximum reflectivity

change rate, object area, object area change rate, object
coldest brightness temperature, coldest brightness tem-
perature change rate, and flash statistics.

13. The method of claim 12, further comprising automati-
cally calculating, by the computer, parameter values for each
convective object record stored 1n the convective evolution
database during the life span of a respective convective
object.

14. The method of claim 1, further comprising searching,
by the computer, the convective evolution database to find
the one or more past convective objects with one or more
parameters that match the ongoing convective object,
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wherein the computer generates a predictive nowcast portion
of the nowcast output, and wherein the predictive nowcast
portion ol the nowcast output comprises nowcast weather
image of the ongoing convective object at the set of one or
more future time step intervals predicting a future motion
and 1ntensity of the ongoing convective object.
15. The method of claim 1, further comprising determin-
ing intensity changes associated with each pixel of a now-
cast weather image of the ongoing convective object accord-
ing to a set of weather object parameters.
16. The method of claim 1, wherein the one or more
weather data digital pixel images comprise satellite 1images
and/or radar reflectivity images.
17. The method of claim 1, wherein identifying the
ongoing convective object in the first weather data digital
pixel 1mage comprises grouping, by the computer, con-
nected pixels 1n the first weather data digital pixel image
representing an ongoing convective object.
18. The method of claim 17, wherein the first weather data
digital pixel image comprises a satellite image, and wherein
grouping the connected pixels representing the ongoing
convective object comprises grouping connected pixels hav-
ing a brightness temperature colder than a predetermined
threshold parameter.
19. The method of claim 17, wherein the first weather data
digital pixel 1mage comprises a radar reflectivity image, and
wherein grouping the connected pixels representing the
ongoing convective object comprises grouping connected
pixels indicating reflectivity larger than a predetermined
reflectivity threshold.
20. A weather nowcasting system for automated model-
ing, recording, and predicting convective weather, the sys-
tem comprising:
a convective evolution database comprising non-transi-
tory machine-readable medium configured to store one
or more convective object data records; and
a processor configured to:
receive, from one or more 1mage data sources, one or
more weather data digital pixel images for a set of
time step intervals, the one or more weather data
digital pixel images including at least a first weather
data digital pixel image for a first time step interval;

identify an ongoing convective object in the first
weather data digital pixel image based on the pres-
ence of one or more predetermined parameters that
indicate the presence of a convective object;

generate a convective object data record for the ongo-
ing convective object, the convective object data
record including one or more parameters associated
with the ongoing convective object at the first time
step interval and at one or more time step 1ntervals
after the first time step interval;

store the convective object data record 1n the convec-
tive evolution database;

generate a nowcast output for the ongoing convective
object based on (1) the convective object data record
for the ongoing convective object and (11) one or
more convective object data records for one or more
past convective objects, wherein the nowcast output
1s generated at least 1n part using a machine-learning
nowcasting algorithm configured to generate a pre-
dictive nowcast of an ongoing convective object
based on convective object data records for the
ongoing convective object and one or more past
convective objects; and

transmit the nowcast output to one or more user devices
configured to display the nowcast output, wherein
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when displayed on the one or more user devices via
a graphical user interface, the nowcast output
includes a geographic map indicating a nowcast
weather 1mage of the ongoing convective object at a
set of future time step 1ntervals.

21. The weather nowcasting system of claim 20, wherein
the one or more convective object data records for one or
more past convective objects comprise one or more convec-
tive object data records stored in the convective evolution
database.

22. The weather nowcasting system of claim 21, wherein
the processor 1s further configured to identily the one or
more convective object data records 1n the convective evo-
lution database based on at least a geographic parameter or
a temporal parameter, wherein geographic parameter indi-
cates a geographic location of a convective object, and
wherein a temporal parameter indicates a time of a convec-
tive object.

23. The weather nowcasting system of claim 20, wherein
to store the convective object data record in the convective
evolution database, the processor 1s further configured to:

update the machine-learning nowcasting algorithm based

on the convective object data record and at least one
convective object data record 1n the convective evolu-
tion database.

24. The weather nowcasting system of claim 20, wherein
the processor 1s further configured to receirve weather obser-
vation data from one or more data sources, wherein the
processor 1s configured to identity the ongoing convective
object based further on the weather observation data.

25. The weather nowcasting system of claim 20, wherein
the processor 1s further configured to:

recerve weather observation data related to the ongoing

convective object from one or more data sources; and
store the weather observation data in the convective
object data record.

26. The weather nowcasting system of claim 20, wherein
the processor 1s further configured to receive weather obser-
vation data from one or more data sources, wherein the
processor 1s configured to generate the nowcast output based
further on the weather observation data.

277. The weather nowcasting system of claim 20, wherein
the nowcast output 1s at least one of a machine-readable
computer file and a machine-readable data stream.

28. The weather nowcasting system of claim 20, further
comprising a database configured to store weather observa-
tion data and weather image data, wherein the processor 1s
turther configured to:

recerve weather observation data and weather 1mage data

from one or more data sources; and

store, 1n the database, the weather observation data and

the weather image data received from the one or more
data sources.

29. The weather nowcasting system of claim 28, wherein
the processor 1s further configured to convert the weather
observation data and the weather 1image data received from
the one or more data sources 1nto a format compatible with
the processor.

30. The weather nowcasting system of claim 28, further
comprising one or more sub-databases configured to store
subsets of data records stored in the database, wherein the
processor 1s lurther configured to store a subset of the
weather observation data and the weather image data 1n at
least one of the one or more sub-databases based on a
geographic parameter of the subset indicating a geographic
location associated with the at least one sub-database and the
subset.
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31. The weather nowcasting system of claim 20, wherein
the processor 1s further configured to generate the nowcast
output based on one or more parameters in weather obser-
vation data and/or weather image data received from one or
more data sources, the one or more parameters selected from
the group comprising: object maximum reflectivity, maxi-
mum reflectivity change rate, object area, object area change
rate, object coldest brightness temperature coldest bright-
ness temperature change rate, and flash statistics.

32. The weather nowcasting system of claim 31, wherein
the processor 1s further configured to automatically calculate
parameter values for each convective object record stored in
the convective evolution database during the life span of a
respective convective object.

33. The weather nowcasting system of claim 20, wherein
the processor 1s further configured to search the convective
evolution database to find the one or more past convective
objects with one or more parameters that match the ongoing
convective object, wherein the processor 1s further config-
ured to generate a predictive nowcast portion of the nowcast
output, and wherein the predictive nowcast portion of the
nowcast output comprises the nowcast weather image of the
ongoing convective object at the set of one or more future
time step intervals predicting a future motion and 1ntensity
of the ongoing convective object.

34. The weather nowcasting system of claim 20, wherein
the processor 1s further configured to determine intensity
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changes associated with each pixel of a nowcast weather
image ol the ongoing convective object according to a set of
weather object parameters.

35. The weather nowcasting system of claim 20, wherein
the one or more weather data digital pixel 1mages comprise
satellite 1mages and/or radar reflectivity images.

36. The weather nowcasting system of claim 20, wherein
to 1dentily the ongoing convective object 1n the first weather
data digital pixel image, the processor 1s further configured
to group connected pixels in the first weather data digital
pixel 1image representing an ongoing convective object.

377. The weather nowcasting system of claim 36, wherein
the first weather data digital pixel image comprises a satel-
lite 1mage, and wherein to group the connected pixels
representing the ongoing convective object, the processor 1s
further configured to group connected pixels having a
brightness temperature colder than a predetermined thresh-
old parameter.

38. The weather nowcasting system of claim 36, wherein
the first weather data digital pixel image comprises a radar
reflectivity 1mage, and wherein to group the connected
pixels representing the ongoing convective object, the pro-
cessor 1s fTurther configured to group connected pixels indi-
cating reflectivity larger than a predetermined reflectivity

threshold.
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